
US008169087B2 

(12) Ulllted States Patent (10) Patent N0.: US 8,169,087 B2 
Sen00 (45) Date of Patent: May 1, 2012 

(54) SEMICONDUCTOR DEVICE (56) References Cited 

(75) Inventor: Masaru Senoo, OkaZaki (JP) US. PATENT DOCUMENTS 

. _ _ _ _ 5,437,405 A 8/1995 Asanasavest 

(73) AsslgneeZ Toyota Jlfiosha KabushlklKalsha> 7,741,720 B2* 6/2010 SilVerbrOOk et a1. ....... .. 257/771 
Toyota-S111 (JP) 2004/0026480 A1 2/2004 Imai et a1. 

2004/0159924 A1 8/2004 Tokunlitsu 
( * ) Notice: Subject to any disclaimer, the term of this 2006/0024942 A1 2/2006 Aiton et a1. 

patent is extended or adjusted under 35 2006/0228825 Al * 10/2006 Hembree 
U_S_C_ 154(b)by 167 days_ 2010/0258943 A1 10/2010 Senoo ......................... .. 257/773 

(21) A 1 N ' 12/811 770 FOREIGN PATENT DOCUMENTS 
pp ' O" ’ JP 60-167434 A 8/1985 

- _ JP 62-032537 U 2/1987 
(22) PCT Flled. Jan. 7, 2009 JP 03034338 A M991 

JP 05-136199 A 6/1993 
(86) PCT No.: PCT/IB2009/000014 JP 06_053265 A 2/1994 

JP 07-131075 A 5/1995 
§371 (C)(1)’_ JP 2000-208554 A 7/2000 
(2), (4) Date- Jul- 6, 2010 JP 2001298041 A 10/2001 

JP 2002-222902 A 8/2002 
(87) PCT Pub. No.: WO2009/087561 JP 2004-228479 A 8/2004 

PCT Pub. Date: Jul. 16, 2009 * Cited by examiner 

(65) Prior Publication Data Primary Examiner * William D Coleman 

US 2010/0276817 A1 Nov. 4, 2010 (74) Attorney, Agent, or Firm * Kenyon & Kenyon LLP 

30 Forei nA lication Priorit Data 
( ) g PP y (57) ABSTRACT 

Jan. 9, 2008 (JP) ............................... .. 2008-002157 A protective Coating is formed on the Surface Ofa Semicom 

ductor device. The surface is located on the side to Which an (51) Int. Cl. 

H0 1L 29/40 (200601) exteélsion piortion'of a1\1viée1c1c1lnnecttedtto a pad' of the semi; 
(52) us. Cl. .............................. .. 257/784; 257/E23.194 tsegéicehltsiirgas'es £52251??? mg 15 Orme 
(58) Field of Classi?cation Search ................ .. 257/758, g p ' 

257/734, 665, 784, E23.194 
See application ?le for complete search history. 

k 
IIIIIIIIIIIIIIII'. 

7 Claims, 14 Drawing Sheets 

302 

A 
‘m 



US. Patent 

22a 22b 22c 22d 22a 

20a 3 52% 

May 1, 2012 

FIG.1 

Sheet 1 0f 14 

20a 

l / 
iziiizfjih 

/ I 

I I 
\ 

I I 

\ 

14b 14c 
18c 

US 8,169,087 B2 





US. Patent May 1, 2012 Sheet 3 0114 US 8,169,087 B2 

om 

L 



US. Patent May 1, 2012 Sheet 4 0114 US 8,169,087 B2 

FIG. 



US. Patent May 1, 2012 Sheet 5 0114 US 8,169,087 B2 

,1.‘ 
ww m5 ,. . \kv...‘ , £5 

095 H #5 3w 

EN TEN $8 \> 3G . 3 Now a: 



US. Patent May 1, 2012 Sheet 6 0114 US 8,169,087 B2 

mom 

‘--‘-----\~n 90mm 



US. Patent May 1, 2012 Sheet 7 0114 US 8,169,087 B2 

Now 

.7 

* ,wwwsik 

on 

NF , “:1. 
m3. 

“Aim 



US. Patent May 1, 2012 Sheet 8 0114 US 8,169,087 B2 

FIG.8 

22a 22b 22c 22d 22a 

20a 5201, 820C 520d 5208 5 >1’ >1 >~ >~ >1 
I, , , , . 

m ' 
I 1 I 
\ \ \ \ 

i a 1b 160 
14a 14b 140 

1 



US. Patent May 1, 2012 Sheet 9 0114 US 8,169,087 B2 

FIG.9 

22a 22b 22c 22d 22a 

20a 520b 5200 520d 5208 5 >1>1>1>1>1 

\\ / I‘ ‘ / jyvm 

16a 16b 160 
14a 14b 14c 

618a 618b 6180 



US. Patent May 1, 2012 Sheet 10 0114 US 8,169,087 B2 

F I G . 10 

22a 22b 22c 22d 22a 

20a 5201) 5206 20d 206 
I f I 

f; \ \ \ 
N~v8a 

6 
‘Nag 

4 
K""\_,10 

71s \_. ~ 12 \ I I, L I, :2 ‘*1 

16a 16b 16c 
14a 14b 14c 



US. Patent May 1, 2012 Sheet 11 0114 US 8,169,087 B2 

FIG.11 
22a 22b 22c 22d 22a 2 

20a 20:: 2 

134 136 

14 
138 

134a 

143m, _|__---_-':21:_~/16 

\_ l 



US. Patent May 1, 2012 Sheet 12 0114 US 8,169,087 B2 

FIG.13 

134 

134a 

150 146 102 

150 146 102 



US. Patent May 1, 2012 Sheet 13 0114 US 8,169,087 B2 

FIG.15 

148 



US 8,169,087 B2 US. Patent May 1, 2012 Sheet 14 0f 14 

F I G . 1 7 
RELATED ART 

162 

102 {Ax 16 

~~~~~~~~ ,-152 



US 8,169,087 B2 
1 

SEMICONDUCTOR DEVICE 

This is a 371 national phase application of PCT/IB2009/ 
000014 ?led 7 J an. 2009, claiming priority to Japanese Patent 
Application No. 2008-002157?led 9 Jan. 2008, the contents 
of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a semiconductor device on the 

surface of Which a pad connected to a conductive Wire and a 
protective coating are formed. 

2. Description of the Related Art 
A Wire-bonding process is used to electrically connect a 

semiconductor device to an external circuit or to other semi 
conductor device. In a Wire-bonding process, a Wire that is 
connected at one end to an external circuit or to other semi 
conductor device is draWn onto a pad that is formed on the 
surface of the semiconductor device, and then the conductive 
Wire is connected to the pad, and then the extension portion of 
the conductive Wire is cut off. In the following description, 
such conductive Wires Will be simply referred to as “Wires”. 
When connecting each Wire to each pad, the semiconductor 

device may be damaged by the Wire. In vieW of this, some 
technologies for preventing such damage to the semiconduc 
tor device have been developed. Japanese Patent Application 
Publication No. 2001-298041 (JP-A-2001-298041) 
describes one such technologies. According to this publica 
tion, protective coatings are formed on a semiconductor 
device. Each protective coating is surrounded the correspond 
ing pad formed on the semiconductor device. According to 
this structure, due to the difference betWeen the level of the 
top face of the protective coating surrounding the pad and the 
level of the top face of the pad, once a pointing capillary, 
Which is used to bond a Wire to the pad, contacts the top face 
of the protective coating surrounding the pad, the pointing 
capillary is unable to approach the pad any further, and there 
fore the tip of the pointing capillary does not directly contact 
the pad. In this manner, the protective coating, Which sur 
rounds the pad, prevents damage to the pad. On the other 
hand, Japanese Patent Application Publication No. 
05-136199 (JP-A-05-136199) describes a technology in 
Which a protective coating is formed along an opening of an 
insulation layer covering the periphery of the pad such that 
the protective coating covers the surface of the insulation 
layer (Note that the insulation layer covers the surface of the 
semiconductor device and therefore it may be regarded as a 
portion of the semiconductor device and that the pad is 
exposed Within the opening of the insulation layer). If the 
protective coating is not provided, the Wire may contact an 
edge of the insulation layer that de?nes the opening When the 
pointing capillary presses the Wire against the pad, and there 
fore there is a possibility that the Wire may be Welded to the 
pad by applying ultrasonic Waves to the Wire despite that the 
Wire is in contact With the edge of the insulation layer. If 
ultrasonic Waves are applied to the Wire While it is in contact 
With the edge of the insulation layer, the insulation layer may 
be damaged. According to the technology described in JP-A 
05-136199, therefore, in order to prevent the insulation layer 
covering the periphery of the pad from being damaged by 
such ultrasonic vibrations, the protective coating is formed 
along the opening of the insulation layer that determines the 
area in Which the pad is exposed. 

In the Wire-bonding process, after the Wire is connected to 
the pad, the extension portion of the Wire is torn off by being 
pulled. At this time, the cut end of the extension portion of the 
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2 
Wire (i.e., the end of the Wire that is held by the pointing 
capillary to be connected to the next pad in the next Wire 
bonding process) may scratch and thereby damage the sur 
face of the semiconductor device around the pad. The possi 
bility of the cut end of the Wire thus scratching and damaging 
the surface of the semiconductor device around the pad may 
be minimiZed or eliminated by forming a protective coating 
on the surface of the semiconductor device around the pad. 
HoWever, such protective coatings in the related art cannot 
reliably prevent such scratching and damaging of the surface 
of the semiconductor device by the cut end of the Wire. 

In order to prevent scratching and damaging of the surface 
of the semiconductor device by the cut end of the Wire, it is 
necessary to form a protective coating having a suf?cient 
strength, that is, a relatively thick protective coating. If a thick 
protective coating is formed around the pad, the Wire contacts 
the ridge line formed betWeen the top face and the side faces 
of the protective coating. FIG. 7 illustrates an example case 
Where a protective coating 70 is formed on a semiconductor 
device 402 at a position adjacent to the pad 16. The protective 
coating 70 has a thickness suf?cient to prevent damage to the 
surface of the semiconductor device 402 by the cut end 14f of 
a Wire 14. In this example, an acutely angled ridge line 72 is 
formed betWeen the top face of the protective coating 70 and 
one side face of the protective coating 70, and an extension 
portion 14e of the Wire 14 contacts the ridge line 72 in the 
Wire-bonding process. Because the ridge line 72 is a very 
narroW portion of the protective coating 70, if the extension 
portion 14e of the Wire 14 contacts the protective coating 70 
at the ridge line 72, the protective coating 70 may be scraped 
off by the extension portion 14e of the Wire 14. At this time, 
some pieces of the scraped protective coating 70 may attach 
the Wire 14. If the next bonding process is performed using the 
Wire 14 With said pieces of the protective coating 70 attached 
thereon, the bonding process may fail to be performed prop 
erly. Although such abrasion of the protective coating 70 may 
be prevented by increasing the hardness of the protective 
coating 70, if the protective coating 70 is made harder, it 
increases the possibility of delamination of the protective 
coating. Thus, the related-art protective coating 70 causes 
these problems When it protects the surface of the semicon 
ductor device from being scratched and thus damaged by the 
cut end 14f of the Wire 14. 

Further, in the related art, in order to protect the surface of 
the semiconductor device from being scratched and thus dam 
aged by the cut end of the Wire, a pad is formed to cover the 
region Where the cut end of the Wire can damage the surface 
of the semiconductor device. HoWever, it is often the case that 
useful semiconductor structures cannot be provided in the 
portion of the semiconductor substrate beloW the pad. 
According to the related art, further, the pad needs to be made 
relatively large to protect the surface of the semiconductor 
device from being damaged by the cut end of the Wire, and 
therefore the area for accommodating semiconductor struc 
tures is reduced accordingly. 

SUMMARY OF THE INVENTION 

The invention provides a semiconductor device With an 
improved protective coating for protecting the surface of the 
semiconductor device. 
The ?rst aspect of the invention relates to a semiconductor 

device having: a pad to Which a conductive Wire is connected; 
and a protective coating that is formed on a surface of the 
semiconductor device near the pad and that is shaped such 
that the height of the protective coating decreases toWard the 
pad. 
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According to the semiconductor device described above, 
because the height of the protective coating decreases toWard 
the pad, the extension portion of the conductive Wire and the 
protective coating contact each other via a large contact area 
When the extension of the conductive Wire connected to the 
pad is pulled and thus cut off. That is, even if the thickness of 
the protective coating is su?icient to tolerate scraping by the 
cut end of the conductive Wire, because the protective coating 
is shaped such that its height decreases toWard the pad, the 
area of contact betWeen the conductive Wire and the protec 
tive coating is large, and this reduces the possibility of dam 
aging of the protective coating. According to the ?rst aspect of 
the invention, as such, it is possible to minimize the possibil 
ity of scraping and delamination of the protective coating 
formed on the semiconductor device. 

According to the semiconductor device of the ?rst aspect of 
the invention, because the protective coating protects the pad 
from being damaged by the cut end of the conductive Wire, the 
pad can be made smaller in siZe. That is, because the pad does 
not need to be used as a protector against the cut end of the 
conductive Wire, the siZe of the pad may be reduced to the 
minimum siZe necessary to alloW the conductive Wire to be 
connected to the pad. As a result, the region for accommodat 
ing semiconductor structures may be expanded accordingly. 
According to the ?rst aspect of the invention, as such, a 
semiconductor device having characteristics better than those 
of conventional semiconductor devices may be produced 
Without increasing the siZe of the semiconductor substrate. 

The semiconductor device of the ?rst aspect of the inven 
tion may be such that the surface of the protective coating on 
the side of the pad is formed in a curved shape that descends 
toWard the pad as in the example case illustrated in FIG. 2. 
Referring to FIG. 2, a protective coating 18 having a curved 
surface on the side of a pad 16 is formed on a semiconductor 
device 2. In this case, an extension portion 14e of a Wire 14 
contacts the protective coating 18 via a large contact as it is 
pulled during the Wire-bonging process, and therefore the 
possibility of scraping of the protective coating 18 by the 
extension portion 14e of the Wire 14 is loW Further, the semi 
conductor device of the ?rst aspect of the invention may be 
such that the surface of the protective coating on the side of 
the pad is formed in a stepped shape that descends toWard the 
pad as in the example case illustrated in FIG. 5. Referring to 
FIG. 5, a protective coating 218 having a stepped surface on 
the side of the pad 16 is formed on a semiconductor device 
202. In this case, the extension portion 14e of the Wire 14 
contacts the protective coating 218 via multiple points 27411, 
274b, and 2740 as it is pulled during the Wire-bonging pro 
cess, and oWing to such multi-point contact, the possibility 
that the extension portion 14e of the Wire 14 Will scrape the 
protective coating 218 is reduced. Further, the semiconductor 
device of the ?rst aspect of the invention may be such that the 
surface of the protective coating on the side of the pad is 
doWnWardly inclined toWard the pad as in the example case 
illustrated in FIG. 6. Referring to FIG. 6, a protective coating 
318 having an inclined surface on the side of the pad 16 is 
formed on a semiconductor device 302. In this case, the 
extension portion 14e of the Wire 14 contacts the protective 
coating 218 over a large contact area as it is pulled during the 
Wire-bonging process, Which thereby reduces the possibility 
of scraping of the protective coating 318 by the extension 
portion 14e ofthe Wire 14 is loW. 

MeanWhile, the region for forming the protective coating 
may be limited as needed as long as the surface of the semi 
conductor device may be properly protected from being dam 
aged by the cut end of the conductive Wire. For example, the 
semiconductor device of the ?rst aspect of the invention may 
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4 
be such that the productive coating is provided on a region of 
the surface of the semiconductor device on a ?rst side toWard 
Which the conductive Wire is pulled during a Wire-bonding 
process forbonding the conductive Wire to the semiconductor 
device, and a region of the surface of the semiconductor 
device on a second side that is opposite to the ?rst side is not 
provided With productive coating. In this case, there is no 
possibility of contact betWeen the protective coating and the 
portion of the conductive Wire connected to the pad, and 
therefore the siZe of the pad may be reduced and the direction 
in Which to arrange the conductive Wire may be freely 
selected. 

Further, the semiconductor device of the ?rst aspect of the 
invention may be such that the level of the surface of the 
protective coating is loWer than a region through Which the 
extension portion of the conductive Wire connected to the pad 
passes When the extension portion is set in the position Where 
the extension portion is cut off. In this case, the protective 
coating does not affect the process for cutting the conductive 
Wire, and therefore the extension portion of the conductive 
Wire may be pulled and thus cut off Without being affected by 
the protective coating. Further, the semiconductor device of 
the ?rst aspect of the invention may be such that the level of 
the surface of the protective coating is higher than the path 
that the cut end of the conductive Wire Would take as the 
extension portion of the conductive Wire is cut off in the 
absence of the protective coating. In this case, the path of the 
cut end of the conductive Wire moves upWard due to the 
presence of the protective coating, and this further reduces the 
possibility of scraping of the surface of the semiconductor 
device by the cut end of the conductive Wire. Further, the 
semiconductor device of the ?rst aspect of the invention may 
be such that the surface of the protective coating is located 
closer to the pad than the position at Which the path that the cut 
end of the conductive Wire Would take as the extension por 
tion of the conductive Wire is cut off parts from the surface of 
the semiconductor device in the absence of the protective 
coating. In this case, too, the path of the cut end of the 
conductive Wire moves upWard due to the presence of the 
protective coating, and this further reduces the possibility of 
scraping of the surface of the semiconductor device by the cut 
end of the conductive Wire. Further, the semiconductor device 
of the ?rst aspect of the invention may be such that: the level 
of the surface of the protective coating is loWer than the region 
through Which the extension portion of the conductive Wire 
connected to the pad passes as the extension portion is set in 
the position Where the extension portion is cut off; the level of 
the surface of the protective coating is higher than the path 
that the cut end of the conductive Wire Would take as the 
extension portion of the conductive Wire is cut off in the 
absence of the protective coating; and the surface of the 
protective coating is located closer to the pad than the position 
at Which the path parts from the surface of the semiconductor 
device. 

According to the invention, thus, because the protective 
coating protects the surface of the semiconductor device from 
being damaged by the cut end of the conductive Wire, the siZe 
of the pad may be reduced and therefore the effective area for 
accommodating semiconductor structures for accomplishing 
the functions of the semiconductor device may be expanded 
accordingly, enabling improvement of the electric character 
istics of the semiconductor device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and further features and advantages of the 
invention Will become apparent from the folloWing descrip 
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tion of example embodiments With reference to the accom 
panying drawings, Wherein like numerals are used to repre 
sent like elements and Wherein: 

FIG. 1 is a top vieW of a semiconductor device 2 according 
to the ?rst example embodiment of the invention; 

FIG. 2 is a cross-sectional vieW of the semiconductor 
device 2; 

FIG. 3 is a cross-sectional vieW of a semiconductor device 

102; 
FIG. 4 is an enlarged vieW of a pad 16 of the semiconductor 

device 2 and its periphery; 
FIG. 5 is a cross-sectional vieW of a semiconductor device 

202 according to the second example embodiment of the 
invention; 

FIG. 6 is a cross-sectional vieW of a semiconductor device 
302 according to the third example embodiment of the inven 
tion; 

FIG. 7 is a cross-sectional vieW of a semiconductor device 

402; 
FIG. 8 is a vieW illustrating an example protective coating 

formed on a semiconductor device; 
FIG. 9 is a vieW illustrating example protective coatings 

formed on a semiconductor device; 
FIG. 10 is a vieW illustrating an example protective coating 

formed on a semiconductor device; 
FIG. 11 is a top vieW of the semiconductor device 2 accord 

ing to the ?rst example embodiment; 
FIG. 12 is a vieW illustrating a step of a Wire-bonding 

process; 
FIG. 13 is a vieW illustrating another step of the Wire 

bonding method; 
FIG. 14 is a vieW illustrating another step of the Wire 

bonding method; 
FIG. 15 is a vieW illustrating another step of the Wire 

bonding method; 
FIG. 16 is a vieW illustrating another step of the Wire 

bonding method; and 
FIG. 17 is a vieW illustrating problems that may occur in 

the Wire-bonding method used in a related-art semiconductor 
device. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

To begin With, the main feature of the ?rst example 
embodiment is herein clari?ed. In particular, the main feature 
is a protective ?lm that covers a portion of the surface of a pad. 

FIG. 1 shoWs a semiconductor device 2 according to the 
?rst example embodiment of the invention. In the semicon 
ductor device 2, a terminal pressure-proof portion 6 extends 
along the entire circumference on the inner side of the outer 
periphery of a semiconductor substrate 4. A pressure-proof 
holder portion 8 is formed in the terminal pressure-proof 
portion 6. The pressure-proof holder portion 8 is constituted 
of an FLR 8a and an FLR 8b. Effective regions 10 and pad 
regions 12 are created at locations inWard of the pressure 
proof holder portion 8. The effective regions 10 are the 
regions for accommodating various semiconductor structures 
necessary for accomplishing the required functions of the 
semiconductor device 2. On the other hand, a non-effective 
region 9 is created on the outer side of the pressure-proof 
holder portion 8 of the terminal pressure-proof portion 6. Five 
emitter pads 20a, 20b, 20c, 20d, and 20e are exposed at the 
surface of the semiconductor device 2 in the effective region 
10. Wires 22a, 22b, 22c, 22d, and 22e are bonded to the 
emitter pads 20a, 20b, 20c, 20d, and 20e, respectively. It is to 
be noted that, in the folloWing description, the common ele 
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6 
ments and components each denoted by a common reference 
numeral With a different alphabet for distinguishing among 
them Will be collectively denoted by the common reference 
numeral Where their common technical feature, or the like, is 
described. Each emitter pad 20 is connected to an external 
circuit (not shoWn in the draWings) via the Wire 22. 

Three pads 16a, 16b, and 160 are provided in the respective 
pad regions 12 on the surface of the semiconductor device 2. 
Wires 14a, 14b, and 140 are bonded to the pads 16a, 16b, and 
160, respectively. The pads 16 are electrically connected to an 
external circuit (not shoWn in the draWings) via the Wires 14. 
It is di?icult to produce semiconductor structures necessary 
for accomplishing the functions of the semiconductor device 
2 in the pad regions 12 of the semiconductor substrate 4. The 
smaller the pad regions 12, the larger the effective regions 10 
can be made. In vieW of this, in the ?rst example embodiment 
of the invention, each pad 16 is formed in the minimum 
necessary siZe for enabling the Wires 14 to be bonded to the 
respective pads 16, and therefore the effective regions 10, 
Which are the regions for accommodating the semiconductor 
structures for accomplishing the required functions of the 
semiconductor device 2, are large. Protective coatings 18 are 
provided adjacent to the respective pads 16. The protective 
coatings 18 protect the surfaces of the semiconductor device 
2 that are adjacent to the respective small pads 16 from being 
damaged. 

FIG. 2 shoWs a cross section taken along line 2A-2A in 
FIG. 1. The cross-sectional vieW shoWs the structure of the 
semiconductor device 2 and illustrates hoW the Wire 1411 is 
connected to the pad 1611. Note that the folloWing description 
also applies to the Wires 14b, 14c. Referring to FIG. 2, an 
insulated gate bipolar transistor (to be referred to as “IGBT”) 
is formed in the effective region 10 of the semiconductor 
device 2. The semiconductor device 2 is constituted of the 
semiconductor substrate 4 that contains a loW concentration 
of n-type impurities, and the unprocessed portion of the semi 
conductor substrate 4 forms a drift portion 46. A body portion 
48 that contains p-type impurities is provided on the surface 
of the drift portion 46. Emitter portions 50 that each contains 
a high concentration of n-type impurities are formed at posi 
tions opposed to the surface of the body portion 48. The 
emitter portions 50 are partitioned from the drift portion 46 by 
the body portion 48. Trenches 56 are formed at the surfaces of 
the emitter portions 50. Each trench 56 extends from the 
surface of the emitter portion 50 doWn to the drift portion 46 
by penetrating the emitter portion 50 and the body portion 48. 
The bottom and side faces of each trench 56 are coated With 
a gate insulation coat 60, and a trench gate electrode 58 is 
disposed in each trench 56. The top face of each trench gate 
electrode 58 is coated With an interlayer insulation layer 52. 
The emitter pads 20 are formed on the surface of the semi 
conductor device 2 in the effective region 10. The emitter 
pads 20 are electrically connected to the respective emitter 
portions 50, and the voltages applied to the Wires 22 from 
external circuits (not shoWn in the draWings) are supplied to 
the emitter pads 20. The emitter pads 20 are insulated from the 
respective trench gate electrodes 58 by the interlayer insula 
tion layers 52. 
The pads 16 for the gate electrodes are formed on the 

surface of the semiconductor device 2 in the pad region 12. 
Each pad 16 is connected to the trench gate electrode 58 
although not shoWn in the draWings, and the voltage applied 
to each Wire 14 from external circuits (not shoWn in the 
draWings) is supplied to the trench gate electrode 58 via the 
pad 16. An interlayer insulation layer 26 having an even 
thickness is formed betWeen each pad 16 and the semicon 
ductor substrate 4 in the regions other than Where said pad 16 
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and the corresponding trench gate electrode 58 need to be 
electrically connected to each other. Insulation layers (passi 
vation layers) 24 are formed on the surface of the semicon 
ductor device 2. Each insulation layer 24 is formed on the 
surface of the portion of the semiconductor device 2 that 
extends from the end of the pad 16 to the end of the emitter 
pad 20. Each protective coating 18 is formed on the surface of 
each insulation layer 24. The protective coating 18 is formed 
in the region adjacent to the pad 16, and a portion of the 
protective coating 18 is provided on the surface of the pad 16. 
A p-type diffusion portion 54 containing a high concentration 
of p-type impurities is formed on the drift portion 46 in the 
pad region 12. The p-type diffusion portion 54 is in contact 
With and thus electrically connected to an end of the body 
portion 48 containing p-type impurities. A collector portion 
44 containing a high concentration of p-type impurities is 
formed at the bottom of the semiconductor device 2, and a 
collector electrode 42 is formed on the bottom face of the 
semiconductor device 2. The collector electrode 42 is electri 
cally connected to the collector portion 44. 

According to the semiconductor device 2 of the ?rst 
example embodiment of the invention, the semiconductor 
device 2 is ?xed on a bonding device (not shoWn in the 
draWings), and then each Wire 14 is connected to a bonding 
region 30 of the pad 16. Prior to this process, the other end of 
the Wire 14 (not shoWn in the draWings) is connected to an 
external circuit. After the Wire 14 has been thus ?xed to the 
pad 16, the Wire 14 is cut by being pulled in the direction 
indicated by the arroW 32 in FIG. 2 using the bonding device. 

FIG. 12 to FIG. 17 illustrate a method for Wire-bonding a 
semiconductor device 102 to an external circuit 146. Refer 
ring to FIG. 12, the Wire 14 runs through a clamp 138 and a 
Wedge tool 134, and the front end of the Wire 14 protrudes 
from a bottom face 13411 of the Wedge tool 134. The clamp 
138 holds the Wire 14. The clamp 138 is connected to the 
Wedge tool 134 via a support 136, and the clamp 138 and the 
Wedge tool 134 are movable relative to each other. In this 
Wire-bonding method, ?rst, referring to FIG. 13, the bottom 
face 13411 of the Wedge tool 134 is pressed against a pad 148 
of the external circuit 146, and then ultrasonic vibration is 
applied to the Wire 14, Whereby the Wire 14 is bonded to the 
pad 148. As a result of this bonding process, a bonding trace 
150 is created in the surface of the pad 148. Then, referring to 
FIG. 14, the Wire 14, the clamp 138, and the Wedge tool 134 
are together moved to above the pad 16, Which is the next 
object to Which the Wire 14 is bonded. At this time, the Wire 14 
is draWn out from the bottom face 13411 of the Wedge tool 134. 
Then, referring to FIG. 15, the bottom face 13411 of the Wedge 
tool 134 is pressed against the pad 16 of the semiconductor 
device 102, and then ultrasonic vibration is applied to the Wire 
14, Whereby the Wire 14 is bonded to the pad 16. As a result of 
this bonding process, a bonding trace 152 is created in the 
surface of the pad 16. 

Referring to FIG. 15, after bonding the Wire 14 to the pad 
16 as described above, the clamp 138 is moved relative to the 
Wedge tool 134 in the direction indicated by the arroW 154 in 
FIG. 15 While the Wedge tool 134 is kept on the pad 16, 
Whereby the portion of the Wire 14 sandWiched betWeen the 
pad 16 and the Wedge tool 134 is torn off. At this time, as 
shoWn in FIG. 16, the torn-off portion of the Wire 14 creates 
a dragging trace 162 on the surface of the pad 16. Then, the 
Wedge tool 134 and the clamp 138 are together moved upWard 
in the direction of the arroW 156, and the Wire-bonding pro 
cess is ?nished. If the protective coating 18 is not provided 
and each pad 16 is small as shoWn in the related-art example 
illustrated in FIG. 17, the dragging trace 162 Will be formed 
beyond the pad 16, thereby damaging and the insulation layer 
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8 
formed on the surface of the semiconductor device 102. If the 
insulation layer is damaged, impurities may enter the semi 
conductor device 102 through the damaged portions of the 
insulation layer, Which may reduce the performance of the 
semiconductor device 102 and may damage the semiconduc 
tor device 102. As such, if the protective coatings are not 
provided at the semiconductor device 102 as in the related-art 
semiconductor devices, each pad 16 must be made large 
enough to ensure that the dragging trace 162 is formed Within 
the pad 16 When the Wire 14 is cut in the Wire-bonding process 
described above. 
The dragging trace 162 is formed in the surface of each pad 

16 of the semiconductor device 102 is not limited to When the 
Wire 14 is torn off in the Wire-bonding process. For example, 
if the Wedge tool 134 incorporates a Wire cutter for cutting the 
Wire 14, the dragging trace 162 may be formed after the Wire 
14 is cut by said cutter. In this case, too, in order to prevent 
damage of each insulation layer of the semiconductor device 
102, it is necessary to make each pad 16 large enough to 
ensure that the dragging trace 1 62 is formed Within the pad 1 6. 

According to the semiconductor device 2 of the ?rst 
example embodiment of the invention, as shoWn in FIG. 2, the 
area of each pad 16 is made substantially the same siZe as the 
bonding region 30 in Which a bonding trace is formed on the 
surface of the semiconductor device 102 as described above, 
and the protective coating 18 is formed on the surface of the 
portion of the insulation layer 24 of the semiconductor device 
2 that is located in the direction in Which the extension portion 
14e of the Wire 14 is pulled (i.e., the direction indicated by the 
arroW 32 in FIG. 2). The protective coating 18 is formed in 
such a shape that its height decreases toWard the pad 16. Due 
to the protective coating 18 thus formed on the insulation 
layer 24, the extension portion 14e of the Wire 14 contacts the 
protective coating 18, not the insulation layer 24, during the 
Wire-bonding process. 

According to the semiconductor device 2 of the ?rst 
example embodiment of the invention, further, each protec 
tive coating 18 is formed to have the folloWing three features: 
(1) The level of the surface of the protective coating 18 is 
loWer than the area through Which the extension portion 14e 
of the Wire 14 connected to the pad 16 passes When the 
extension portion 14e is cut; (2) The level of the surface of the 
protective coating 18 is higher than the path that a cut end 14f 
of the conductive Wire 14 Would take When the extension 
portion 14e of the conductive Wire 14 is cut off in the absence 
of the protective coating 18; and (3) The surface of the pro 
tective coating 18 is located closer to the pad 16 than a 
position at Which the path that the cut end 14f of the Wire 14 
Would take When the extension portion 14e of the conductive 
Wire 14 is cut off in the absence of the protective coating 18, 
parts from the surface of the semiconductor device 2. 

Referring to FIG. 2, the surface of the protective coating 18 
is located beloW the region through Which the extension por 
tion 14e ofthe Wire 14 passes as the extension portion 14e is 
set in the position Where the extension portion 14de is cut off. 
This arrangement prevents interferences betWeen the exten 
sion portion 14e and the protective coating 18 When cutting 
the extension portion 14e of the Wire 14 connected to the pad 
16, and therefore the extension portion 14e of the Wire 14 can 
be properly pulled from the pad 16 and thus can be properly 
cut off from the pad 16. 

FIG. 3 illustrates a path 34 that the cut end 14f of the Wire 
14 takes When the extension portion 14e is cut off in a state 
Where the protective coating 18 is not provided, and FIG. 3 
also illustrates the region of the insulation layer 24 Where a 
dragging trace 36 is formed after the extension portion 14e of 
the Wire 14 is cut off. Because the internal structures of the 
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semiconductor devices shown in FIG. 3 onwards are identical 
to the internal structure of the semiconductor device 2 shown 
in FIG. 2, they will not described again. If the protective 
coating 18 is not present, the cut end 14f of the extension 
portion 14e moves along the surface of the insulation layer 24 
until it reaches an end 38 of a dragging-mark-forming region 
28, which is the region where the dragging trace 36 is formed. 
As the cut end 14f of the extension portion 14e thus moves, the 
dragging trace 36 is formed at the surface of the insulation 
layer 24. Then, as the extension portion 14e is pulled upward 
from the semiconductor device 102, the cut end 14f of 14e 
parts from the surface of the insulation layer 24. Therefore, 
the dragging trace 36 is not formed in the portion of the 
insulation layer 24 on the side of the end 38 of the dragging 
mark-forming region 28 opposite the pad 16. Thus, the drag 
ging trace 36 is formed in the region of the surface of the 
semiconductor device 102 through which the cut end 14f of 
the extension portion 14e moves during the wire-bonding 
process. According to the semiconductor device 2 of the ?rst 
example embodiment, as shown in FIG. 2, the protective 
coating 18 is formed such that the level of the surface of the 
protective coating 18 is higher than the path 34 of the cut end 
14f of the extension portion 14e. This arrangement increases 
the distance of the path of the cut end 14f of the extension 
portion 14e from the surface of the semiconductor device 2 in 
comparison to when the protective coating 18 is not present. 
The protective coating 18 is formed so as to cover a point 38 
at which the path 34 of the cut end 14f of the extension portion 
14e parts from the surface of the semiconductor device 102. 
That is, due to the protective coating 18 thus formed, the cut 
end 14f of the wire 14 is separated from the surface of the 
semiconductor device 2 when it is on the protective coating 
18. Further, by providing the protective coating 18, the region 
of the surface of the semiconductor device 2 over which the 
cut end 14f of the extension portion 14e travels is narrower 
than it is when the cut end 14f of the wire 14 travels along the 
path 34. Thus, damage to the insulation layer 24 on the sur 
face of the semiconductor device 2 by the cut end 14f of the 
wire 14 may be thereby reliably prevented. 

According to the semiconductor device 2 of the ?rst 
example embodiment of the invention, because the protective 
coatings 18 each having the above-described features are 
formed on the surface of the semiconductor device 2, damage 
to each insulation layer 24 formed on the surface of the 
semiconductor device 2 is reliably prevented. As such, it is not 
necessary to form each pad 16 such that it extends on both the 
bonding region 30 and the dragging-mark-forming region 28 
as indicated by the dotted lines in FIG. 4. That is, due to the 
protective coatings 18, each pad 16 may be made substan 
tially as small as the bonding region 30, whereby the area of 
the pad region 12 for each pad 16 is reduced. With this 
arrangement, the area of the effective region 10 for accom 
modating the semiconductor structures for accomplishing the 
functions of the semiconductor device 2 may be expanded, 
and this enhances the electrical characteristics of the semi 
conductor device. 

The pad-side surface of each protective coating 18 is pref 
erably curved as shown in FIG. 2. FIG. 7 schematically shows 
the structure of a semiconductor device 402 as a comparative 
example. In the semiconductor device 402, a protective coat 
ing 70 having a ridge line 72 that is acutely angled is formed 
at the pad-side face of the protective coating 70. According to 
this structure, the extensionportion 14e contacts the ridge line 
72 during the wire-bonding process, and therefore the area of 
contact between the extension portion 14e of the wire 14 and 
the protective coating 70 is very small. In this case, therefore, 
the protective coating 70 may easily delaminate or some 
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pieces of the protective coating 70 may be scraped off by the 
extension portion 14e of the wire 14 and then dispersed on the 
surface of the semiconductor device 402. If the protective 
coating 70 delaminates, it becomes unable to properly pre 
vent damage of the surface of the semiconductor device 2. 
Further, if the scraped pieces of the protective coating 70 
become attached to the surface of other pad 16 or the surface 
of the wire 14, it may cause a physical or electrical connection 
failure. On the other hand, in the semiconductor device 2 of 
the ?rst example embodiment of the invention, because the 
pad-side surface of the protective coating 18 is curved as 
shown in FIG. 2, the area of contact between the protective 
coating 18 and the wire 14 is increased, and this suppresses 
damage of the protective coating 18. As such, the structure of 
the semiconductor device 2 of the ?rst example embodiment 
enables the wire-bonding process to be implemented in an 
accurate manner that minimiZes the possibility of damage to 
the insulation layer formed on the surface of the semiconduc 
tor device 2 and also minimiZes the possibility of physical and 
electrical connection failures. 

FIG. 5 schematically shows the structure of a semiconduc 
tor device 202 according to a second example embodiment of 
the invention. In the second example embodiment, protective 
coatings 218 are formed on the semiconductor device 202. 
Referring to FIG. 5, the pad-side surface of each protective 
coating 218 is formed in a stepped shape descending toward 
the pad 16. In this case, the extension portion 14e of the wire 
14 contacts points 27411, 274b, and 2740 of the protective 
coating 218 during the wire-bonding process. Due to this 
multi-point contact between the wire 14 and the protective 
coating 218, the force that acts at each of the points 27411, 
274b, and 274 in the direction indicated by the arrows 276a, 
276b, and 2760 in FIG. 5 as the extension portion 14e of the 
wire 14 presses the protective coating 218 during the wire 
bonding process is small. The structure reduces the frictional 
force between the extension portion 14e of the wire 14 and the 
protective coating 218, thus minimiZing the possibility of 
delamination of the protective coating 218 and the possibility 
of some pieces of the protective coating 218 being scraped off 
by the extension portion 14e of the wire 14. As such, the 
structure of the semiconductor device 202 of the second 
example embodiment enables the wire-bonding process to be 
implemented in an accurate manner that minimiZes the pos 
sibility of damage to the insulation layer formed on the sur 
face of the semiconductor device 202 and also minimiZes the 
possibilities of bonding failures and electrical connection 
failures between the wire 14 and the pad 16. 

FIG. 6 schematically shows the structure of a semiconduc 
tor device 302 according to the third example embodiment of 
the invention. In this example embodiment, protective coat 
ings 318 are provided on the surface of the semiconductor 
device 302. Referring to FIG. 6, the pad-side surface of each 
protective coating 318 includes an inclined surface 374 that is 
downwardly inclined toward the pad 1 6. Therefore, when the 
extension portion 14e of the wire 14 contacts the protective 
coating 3 18, the area of contact between the extension portion 
14e of the wire 14 and the protective coating 318 is large. Due 
to this the large contact-area between the wire 14 and the 
protective coating 318, the force that acts on the protective 
coating 318 in the direction indicated by the arrows 376a, 
376b, and 3760 in FIG. 6 as the extension portion 14e of the 
wire 14 presses the protective coating 318 during the wire 
bonding process is small. This structure reduces the frictional 
force between the extension portion 14e of the wire 14 and the 
protective coating 318, thus minimiZing the possibility of 
delamination of the to protective coating 318 and the possi 
bility of some pieces of the protective coating. 318 being 






